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I) HaaBaBBe B3o6pereBBB: MATEPHAJI HA OCHOBE IJHPKOHHH, H3AEJIHE H3 3TOrO MATEPHAJIA, 

:nojn>3yEMOE b akthbhoU 30he atomhmx peaktopob, h cnocoB nojiyHEHHH othx H3^Ejrafl 

0 Abstract 

The zirconium*based material proposed according to the present invention contains the following components 
-oportions are given in wt%): niobium 0.5 to 1.5; tin 0 J to 1.5; iron 0.3 to 0.6; chromium 0.005 to 0^; carbon 0.005 to 0.04; 
ygen 0.05 to 0.15; silicon 0.005 to 0.15; zirconium accounting for the remainder. The proposed article made from the said 
ftterieJ for use in the active zones of atomic reactors has a microstnicture formed by the zirconium matrix reinforced by 
rtteles of tin* and inro-containing intennetallic compounds, at least 60 % by volume of the total quantity of the iron* 
ntaining intennetallic compounds consisting of intennetallic particles of the type Zr(Nb,Fe)2, Zr(Fe,Cr, Nb), and 
rNb)oFe. The distance between particles is 0.20 to 0.40 pm. The process for producing the above mentioned articles involves 
oducing an ingot, preliminary beta-treatment thereof, production of a blank by hot forming the ingot at the temperature at 
rich alpha-zirconium exists, annealing the blank at a temperature of 380 to 650 °C V cold forming the blank with 
terxnittent annealing at the temperature at which alpha-zirconium exists, and final working of the blank to make the 
ushed product. 



IIpefljiaraeMLrii , corJiacHO H3o6peTeHHK), MaTepwaJi Ha ocHOBe 
mrpKOHHfl coflepsHT cxejsysmyie KOMnoHeHTH b cJieayiomeM coot- 
HomeHHH, m.c.%1 hmo6h8 - 0,5-1,5, ojiobo - 0,9-1,5, aejie- 
30 - 0,3-0,6, xpoia - 0,005-0,2, yrjiepoa - 0,005-0,04, 
KHCJiopofl = 0,05=0,15, kpgmhhD - 0,005-0,15, ukpkohhB - 
ocTajrbHoeo npejyxaraeMoe H3#ejme, ncnojib 3yeMoe b skthbhoJ! 
30He &TOMHHX peaKTopoB, H3 yiea3aHHoro MaTepnajia MMesT MHKpo- 
CTpyKTypy, KOTopan npeacTaBjmeT codoft ipipKOHHSByD aaaTprajy, 
ynpo^HeHHyD tiacTHnamM ojxoBoco#epaaipx n Hcejieaoco^epsanpcc 
HHTepMeTa^m^oB , npxi 3tom no MeHbmefl Mepe 60 oobeMHtK % 
ot oo^epo KOjnraecTBa saaesocoaepsEaipx MHTepMeTajisKROB coc- 

• Zr(Fe 8 Cr p Fb) 9 (ZrKb)^e npH paccTOflHHH wes^y qacTJi- 
nam qt 0,20 ^o 0,40 mkm« Cnocoo* nojxy^emsj? HSflejraft, Mcnosb- 
ayeMEK b aKTHBHoS 30He etomhhx peaKTopoB , M3 yieaaaHHoro MS- 
Tepsjaaa BKjnroae?- HaroTOBJieHMe cjmtk&, npe&BapKTejXBHys) 6e- 
Ta-oopaGoTKy cmTK& 9 nosiy^eume 3aroTOBKH nyTeM ropnuero 
$opMOBaHHH cronea npH TennepaType cymscTBOBamsji ajrb$a-nMpKO~ 
hmh, otxhp rrpss TeamepaType ot 380 flo 650°C, xojio^Hoe §opMO~ 
saHne saroTOBKH c T^ouessynommm OTOHraMH npH TeMnepaType 
cymecTBOBaHHH aJib§a-mspKOHHH k aoBOfliea 3aroTOBKH ao nojryqe- 
hhs roTOBoro H3«ejmHo 
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MATEPMAJ1 HA OCHOBE LitfFKOHMfi, 
M3 3T0r0 MATEPHAJ1A, ]ACnQHI>3yEM0E B 
AKTHBHOU 30HE ATOMHUX PEAKTOPOB, H 
dlOCOB nOJiyHEHMfi 3THX H3flEJMfl 

06jiaCTb TeXHHKM 

HacTOflmee HsoopeTeHHe othocmtca k MsroTOBJieHMD aeTa- 

Jieft H3 KOppOSHOHHOCTOHKHX CIUISBOB, HCIIOflbSyeMbK B KBtieCTBe 
KOHCTpjTKIfllOHHHX MfiTepHSJIOB aKTHBHOft 30HH BTOMHHX peBKTO- 

poB, a ooaee Komtperao - k MaTepnajiy Ha ocnoBe impKOHHfl, 
I0 H3flejiHD H3 3Toro MaTepwajia, McnoJifasyeMOMy b aKTHBHofl sone 
btomhux peaKTopoB m cnocooy nojiyneHHH sthx H3flejmfi. 
npeflmecTBynwdt yposeHb TexHHKH 
K yxa3aHKUM MBTepHBJiaM h n3flejmHM H3 hhx npeffbflBJifl- 
eTCfl upjiaft pflfl Tpe6oBaHHft no npotmocTHUM xapaKTepHCTMicaM, 
15 KopposMOHHOH ctohkocth b BOfle h b cpeae BHCOKOTeMnepaTyp- 
Horo BOflflHoro napa, no ctohkocth k HaBOAopoKHBBHHn, conpo- 
THBJieHHD paflwaiflioHHOMy pocTy h nojisyqecTH. MaTepHBJi AOJiaeH 
ofaanaTb bhcokhmh TexHOJiorHtiecKHMH xapan TepHCT HTtaMM , no- 
CKOJibKy npeflHasHatieH AHfl HsroTOBJieHHfl, HanpHMep, tohko- 
20 CTeHHHX Tpy6 win oCojiotieK tbsjiob, AHCTaHnHOHHpynuHX peme- 

TOK H flPJTHX KOHCTpyKTHBHHX SJieMeHTOB aKTHBHOfl 30HH BTOM— 

hhx peaKTopoB. 

B HaHdojibraeft cTeneHH juifl otoh neJiH noflxoaflT MaTepHajm 
Ha nHpKOHweBOH ocHOBe, coffepaamMe 0,5-1,5 mbc.% hho6ha, 
25 0,9-1,5 Mac.% ojiobb h 0,3-0,6 Mac.% aeaesa mm b co^ieTa- 
hhh c hum *o 0,2 iaac.% xpoMa. yicasaHHHe MaTepHama no cpas- 
HeHMB co cuhbbbmh, b KOTopax coflepsaHHe TpeTbero KOMnoHeH- 
Ta He npeBHmaeT 0,28 mbc.%, odjiaflauT oojiee bhcokoh Koppo- 
3Hohhoh ctohkoctbd, BKJiEmafl noBtnneHHoe conpoTHBJieHHe HOAy- 
30 JiflpHOH Koppo3HH, a TBKBe 6oJiee bhcokhm c onpoTHBJieHneM pa- 
AHauMOHHOMy pocTy h noji3y^ecTH. 

HsBecTeH ciuias Ha ocHOBe uhpkohha (SU , AI,I75I222), 
conepsauwH KOMnoHeHTti b cjieflynmeM cooTHomeHHH, Mac.%: 

ojiobo 0,9-1,2 
35 sejieso 0,3-0,6 

hho6hh 0,5-1,1 

CpipKOHHH - OCTBJIbHOe. 
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yicaasouft cnaaB MMeer flocraTotjHo bmcokhs ko P o 3 hohko- 
MexaHHnecKMe csoifcTBa: npeflea nponHocra Ha pacTHxeHRe no 
490-580 C20°C) h 275-365 :350°C) Iffla, rrcaae* t«vwc-h 
*o 345-390 C20°C) r 185-245 (350°C) Mk, KoppoaROHHv* 
5 ctoJIkocts b napoBogHHoK CM ecR ip 300°C r ofavneHne no 
$aseHC0B 3,7 . I0~ 4 C3400 n) h I • IO 25 (7840^) m~ 2 ' no 
TBumnn Beca) fl o 30-40 h 80-95 mt/sm 2 , .cootb8?c'ts6hho 
ckopoctb nojiaynecTH npn TeMnepaTyue 350°C r Haravase 
100 ma zo fl f 3-3, 6) -IO" 5 Jj/q. 

10 «n™ 0AH ^° W AaHH ° r ° CIW£Ba npeflpacnojioseH- 
HocTb k otfpasoBaHHD b cjiHTKe h H a paHHHX CTaflHiK ero nepe- 

paeoTKH ctpowhopo pacnojroseHHfl Kpynm* ^cthu (paaMepoM 

no 1,5 mkm) flocTaTotiHo ycTolhiHBoro HHTepMeTajunma, o6ora- 

__ ^° r ° XeJie30M (2rPe 3 >. ^0 np« ^pMaiiHOHHOH o6pa- 
15 ooTKe cmraBa c bhcokhmh cTeneninra o6«a TH fl npRBo w ? k aa- 

PO^eHHD MHKpOTpeqHH B MeCTaX CKOlUieHHR TaKHX XiaCTHII. to* 

ycTpaneHHH KpyiiHHX nacTHn b CTpyKType cmraaa TpeCyeTc* 
npoBe fl eHHe 6eTa(/5 )-p(5pa5o T OK cjurrica c nmrenimm B*n,ep*- 

90 ^TJT BHC ° KHX TeMne P M *«. ™ BH3HBaeT no BHineHHbrft pac- 
20 xo*Me TajuIa H3 -aa punm. tom^ ^euoro raaoHac^e H - 

Horo cjioh h npHBojmT k yaoposaHioo Hanejurii. 

KpoMe Tqro, hscmotp* Ha npRMeHeHRe /5 -o6pao*OTOK n ro- 

roTOBHx Haae^HX na aToro cnjiaaa b cTpyx^e BH0Bb o^aava*- 

25 max HHTepMSTaaaHROB, s tom xmcjie Zzffe 3 , B p 8 3 VJ i b ^e 

° 6 ^^ oraocTb ^ CT ^ s ^^)-r^PKOHHeBofi "waTpime 
aaMSTHo CHHaaercs. 0o**cH*eTca a T o bhcokoh cKJiOHHocTbio k 

^1™^ ST* ^ e * MeT ™>* TO ^Mnepa^ax pexpRCTaji- 
jmaannoHHHx o^-o^og Maw CTaWflMH morOKp&7HoPl 

30 hoR ae*op«nn, KOTopae npRMeHHDxc* uph naroTOBaeHRR hL- 
^fl na waaaHHoro cnaaaa. Ha^e Kpymax WTKR hht epMeTaji - 

*I«OB C n0HH3C6HH0fi IWOTHOCTiS) pacnpS^SHHS B Mm 
BOflHT K CHHXeHHD KOPPOSKOHHOJI CTOHKOCTH R X&D8X T SUHCTH^ 

eonpomnaiR paspynmon raspimja hm. ' 
35 . HasecTeH cnjias na ochobs iihpkohmh jul, K3J3eOTlft aanco . 
bojzhhx peasTopoB r cnocoC ero o0pa0omi c CSJ i bro booths- 

r5I^e5r eHHOr ° yP ° SH ^ n0JI3yliecTH ^sPHaaa CODA, A " 
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yKB3aHHUfi ciuiaB coflepacHT, mc.%: 
0,5 - 2,0 hho6hr; 
0,7 - 1,5 ojioBa; 

0,07-0,28 no MeHbmefl Mepe ojmoro MeTajwa, BudpaHHoro 
5 M3 rpynnu oaeMeHTOB, BKJixwaraueft «e;ie30, HHKejib, xpo*t; 
Jio 220 mjbT* yrjiepoaa; 

OCTMbHOe - IWpKOHMti. 

B yKaaaHHOM cnoeofie Hcno;ib3yBT y8 -otkht nocjie 3kct- 
py3HH, pan npoMesyTotiHHX yMeHbmeHHft nonepetiHoro cetieHHA 

10 H3fleJIHfi H npOMeByTOtJHHX peKpHCTaJWHSaqMOHHHX «^-OTKHTOB, 

nocjre tiero caeflyeT KOHetwoe yMeHbmeHHe ceueHiw h KOHerauft 
otkht m&ejim jum chhthh HanpaseHHtt. CyTb cnocoOa coctoht 
b HaxoBAeHHK onTHMajibHoro cotieTaHHfl CTeneHH yueHbrneHim 
pa3MepoB nonepeTOoro cetieHHa mjkenm h TeMnepaTypw npoiae- 
[5 ayTotojoro OTKura nocjie TaKoro yMeHbmeHHH ce^eHiw Ha ctb^mh 
xoaoflHofl odpafioTKM. Ha nocJiegHeft ctbahh noae xojrogHott 
ofipafioTKH MoaceT ncnoab30BaTbCH <SeTa-3aKajnca. 

Cnocod oCecnetiHBaeT nojiyneHHe H3flejinft c iioctohhho8 
CKopocTbo nojraytiecTM npM TeMnepaType 385°C, a iaKKe nojiy- 
) neHHe M3jaejiHft c yMeHbmeHHeM njiomajw nonepe^oro cetieHiw 
no I0-I9(#. 

OAHaxo yiajiexm us yxasaHHoro ciuiaBa mem HeflocTaToi- 

HO niHpOKHfl KOMIUieKC K0pp03M0HHUX CBOflCTB, B TOM WCJie, H8- 
flOCTaTOHHO BUCOKOe COirpOTHBJieHHe HOJiyJIHpHOft K0pp03HH B 

KHiumefl Bo«e. 06'bHCHaeTCH 9to, rjiaBHHM o6pa30M, tom, too 

H3-3a CpBBHHTSJIbHO HH3X0r0 COflepacaHMfl TpeTbeTO KOMIlOHeH- 

•ra, a oto, xax npaBKJio, sejieso, He ysaeTca noayuHTb onpe- 
flejieHHuB KaqecTBeHHufi » KojnraecTBeHHUft coctbb wcTim BTopoft 
$a3M h HeoCxo,nHMyD njioTHocTb mx pacnpejiejieHHH, ofiecnetw- 

3BOTHX B COBOKynHOCTH BHCOKHR ypOBeHb K0PP03H0HHUX H Me- 

:aHHqecKfoe cboBctb, rax kbx SHBmvrejibmVi oCteM cpeflH qac- 
m BTopoft $asu cocTaBjiHKT xjacTHqu 6oraTHe, b ochobhom, 
nodneM, a Ke^e3oco,nepKaniHe HHTepMeTajuiHflH, KOTopae onpe- 
jjijidt Koppo3MOHHO-MexaHi«ecKHe CBoftcTBa HSflejiHfl, o6pa3y- 

•CH B M8JI0M KOJWrceCTBe H <50JlbmHM MeKHaCTHUHHM pacCTOfi- 

eM (dojiee 0,50 mkm). 

KpoMe Toro, Hcnojib3ys npejuiaraeiffirt! ciwv»«" 

103M0KH0 ^06KTbCfl B u*«— - 
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TMBJieHUH nOJI3yUeCTH, TpeiUHHOCTOHKOCTH M COnpOTHBJieHHfl Kop- 

po3HH, b tom TJHCJie jyia cmiaBOB c 6ojiee bucokhm co^epscaHHeM 
Kejie3a - ot 0,3 flo 0,6 mc.%. 06-bHCHHeTCH sto TeM, vro He 
y,aaeTCH aooHTbcn bhcokoS oflHopoflHOCTH 3epHMCT0ti CTpyKTypa 
5 MBTpHipj croiaBa c paBHOMepHO pacnpejiejieHHUMM b Hefi Mejwo- 
jdHcnepcHHiMH xiacTiiqaMH (MeHee 0,1-0,2 mkm) BTopofi $a3H. IlpH 
ofipafioTKe 6e3 6eTa-3aKajiKH Ha CTaflHM xojioahoh ae$opMamiH 
cjiwtkb b CTpyKType cimaBa, b ochobhom, npwcyTCTByiOT qacTH- 
i$j BTopofl $a3H pasMepoM 0,1-0,4 mkm, mo He o6ecne*iHBaeT 

10 flOCTBTOtlHO BUCOKyD K0pp03H0HHyD CTOHKOCTb CIUiaBa. KpOMe 

Toro, np« TaKoW oopaooTKe He yaaeTca H36eEaTb H8Jiiranfl ot- 
flejibHHX Kpyimtix, pa3MepoM 1,5 mkm, BtweJieHMft HHTepMeTan- 
jiHflOB Tuna ZrPe^ , KOTopue b cjiyxiae hx CKoimeHHtt chh- 

KEDT BH3K0CTb H TpeiUHHOCTOftKOCTb MaTepHana. IlpHMeHeHHe 

15 6b tb— 3 BK8JIKH Ha nocjieflHeft CTajWH xojiojmoft odpa6oTKH n03B0- 
jineT H3de»aTb oopa30BaHHH Kpyimtix HHTepMeTajuinjaoB b CTpyK- 
Type cimaBa, ojmaKo oflHOKparaoft ,iie$opMaimH h oTRwra nocjie 
3aKajiKM HeflocTaTotwo jpir ycTpaHeHHH HacjieflyeMofl CTpotie^i- 
hocth b pacnojic-KeHMH BHueJieHHl! BTopoJ! $a3H h nojiy^eHHs, b 

20 I^BJIOM, OflHOpOJlHOR MeJIKOSepHHCTOfi CTpyKTypM CO CTafiHJIbHO 

BUCOKHM ypOBHeM K0pp03 HOHHOft CTOHKOCTH H COnpOTHBJieHHH pa3- 

pymeHHB. KpoMe Toro, nocjie (5eTa-3aKajiKH Ha nocjieflHeft CTa- 
jum odpafioTKH BCJieflCTBHe 3aKajiotiHHX HanpHseHHft MaTepwaji 
(ocoCeHHO ciuaBu c noBHmeHHUM coflepataHHeM «e^e3a) HMeeT 
25 noHHseHHufi 3anac TexHOJioriroecKOH rmacTiraHocTH, *ito He no3- 
BOjmeT Hcnojib30BaTb BucoKHe CTeneHH xojioflHoll fle$opMamiH 
Ha nocJiej^Hell ctajwh oopaooTKM h cymecTBeHHO orpaHiraHBaeT 

BOSMOSHOCTb IipHMeHeHHH flELHHOrO CnOC06a flJW H3fleJIHfl C OOJIb- 

idhm yMeHbmeHHeM nonepetmoro cetjeHHH Ha $hhwiiihom 3Tane ,ue- 

30 $OpMaUMOHHOfl odpadoTKH. 

M3BecTeH MaTepwaji Ha ocHOBe qHpKOHHH h cnoco<5 nojiytie- 
HMfl H3»eJiHfl H3 Hero (CIliA, A, J5 4649023). MaTepnaji coaep- 
kht, mc.%: 0,5 - 2,0 hhoohh; 0,9-1,5 ojioBa; 0,09-0,11 
TpeTbero KOMnoHeHTa M3 rpynnti, BKjiKwanmen sejie30, xpoM, 

35 MOJHi6;aeH, BanaHHH, Meflb, HHKejib w BOJib$paM; ocTajibHoe - 

UHpKOHHfl. 

Cnocotf nojiy^eHHH H3flejiHfi BKjncwaeT cjieaywiUHe cTajwH: 
- n3roTOBJieHHe cjihtkb h o6pa6oTKa aaBJieHHeM c nojiyne- 



WO 94/23081 



PCT/RU93/00180 



- 5 - 

HHeM 3flr0T0BKHJ 

- 6eTa-o6pa6oTKa (3aKajiKa) 3aroTOBKM; 

- nepBOHayajibHan MexaHireecKafl odpadoTKa 3aroTOBKH 
npn TeMnepaType Hme 650°C; 

5 - OeTa-oTKHT (c CucTpbiM oxjiasfleHHeM); 

- MexaHireecKan oopaooTKa nyreM MHorocTEWHftHott xonofl- 
hoh odpadoTKM np« TeMnepaType Menee 650°C; 

- otkht Meswy cTaflHHMH xojiojihoh o6padoTKH npw TeMne- 
paType 500-650°C; 

10 - KOHenndi otkht npH TeMnepaType HHse 650°C. 

OnHcaHHHH cnocotf ooecnetumaeT paBHOMepHoe pacngeae- 
Jienvie racTHu. BTopoft $a3HcpeflHHM pa3MepoM MeHee 800 A b 
MHKpocTpyKType Matepnajia, *rro aejiaeT ero ycTofttWBUM k 
Koppo3MH h HacumeHHD BOflopoflOM b cpe^e BucoKOTeMnepaTyp- 
15 Horo boahhoto napa btomhhx peaKTopoB. 

QHHaKo H3-3a HHSKoro coflepKaHHH TpeTbero KOMnoHeHTa 
b MaTepnane njioTHocTb macron. BTopoft $a3H, cojaepKamrac «e- 
Jie3o, HeflocTaTotma, xitooh ooecnetiHTb MaTepHany oojiee bhco- 

KHft ypOBeHb COnpOTHBJieHHfl K0pp03HH. 

20 KpoMe Toro, yKa3aHHHft cnocoC MoseT ohtb wcnojib30BaH 

- TOJIbKO flJIfl np0M3B0^CTBa H3ffeJIHi! H3 DHpKOHHeBHX MBTepHajIOB , 

coaepscamux TpeTMft KOMnoHeHT He oojiee 0,25 Mac. 55. Hcnojib- 
3osaHHe OToro cnocotfa jpia H3aeJiHft Ma MaTepnajia c Cojiee bh- 
cokhm coflepKBHueM TpeTbero KOMnoHeHTa (ot 0,3 #o 0,6 Mac. 
25 npHBoaHT k noBHmeHHOMy npoiieHTy 6paKa no MHKpoTpemHHaM 
nocjie nepBoft xojioahoh npoKaTKH c flocTaTotmo bhcokhmh CTe- 
neHHMH oosaTHH, npMMeHHeMUMH Ha npaKTHKe . OCiHCHaeTCH 3to 
noHHKeHHofl TexHojiorHtiecKoft iwacTHtmocTbD MaTepnajia H3-3a 

BUCOKOrO ypOBHfl B HeM OCTaTOtlHHX 3ajcajiotiHHx HanpflKeHMil B 
30 peayjibTaTe 6eTa-0TKHra m nocjiejQrnmero oucTporo oxaaKfleHHH, 
npMMeHHeMux nepe/i onepanHHMH xojrojmoi! npoKaTKH. 

OcymecTBJieHHe bo H36eKaHHe pacTpecKHBaHHH MaTepnaaa 
nepBofl xojiojwoh npoKaTKH c hh3khmh CTeneHjam o(5saTiw bu- 
3HBaeT Heo6xoflMMocTb npoBe^eHMH ooibinoro xwcjia onepamd! 
35 xojio^hoh fle$opMaiwH c npoMesyTo^HUMH otkht bmh, tiro aejiaeT 
cnocod cymecTBeHHo Menee sk oh omiwhijm . Dpn stom yxyjnnaiOT- 
ch m Koppo3 mohho— MexaHH^iecKHe CBoflcTBa MaTepwajia H3-3a 
$opMHpoBaHHH b MaTepnane H3fle^HH Menee MejiK03epHHCTofl m 
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cjmopojjHO?? cTpyxTypii c tfojiee xpyraaiMH BcwejieHHSMH tiacTHr 
BTopofi $a3H c MeawacTHtmLiM paccTOHHMeM nopnsxa 0,45 - 
C,50 MKM. CPH38K0 3T0 C ?9M, q?0 E flaHHOM cJiytiae , npoMe- 
syTotjKafi oTJKHr npoBOflHTCH npii 6ojiee blicoxoE TeMnepaTvce 
5 h 6ojiee npoflOJERHTBJibHoe bpbms. trro b KOHe^moM UTore k 
npHBo,nwT k pocTy 3epHa h xiacTic: btopoH &a.3K. 

PaCKpHTHS H306peTSHHH 

B ocHosy HacTOJimero H30op9T9HHK noc?aBJiBHa 3ajjaqa 
C03flai»b MaTepwaji Ha ocHOBe nrpxoHHE, H3flejiHe H3 3-roro Ma- 
10 Tepnajia, HcnojiB3yeMoe b ax?HBHo8 3okb aTOMHizx psaxTcpoB^H 
cnocotf nojrytiBHKH 3 tux HapejiHH. xoTqpue 3a ctie? coswaHHH 

P H3flSJIKK 0nP9fl9JI9HH0H MHXUOCTpvXTJ'pK OtfecnetlHJIH 6H 3THM 

HS^ejiHHM (5ojiee bhcoxhh ypoB8Hb xoppo3iioHHoB ctorxoctk, co- 

npOTHEJISHHJ! pa3py3!9HJBD H CTOftXOCTX paaHaiaioHHOMy POCTV II 

15 noji3yti3CTK. 

T&xob B03M0SH0. so-nepBHX, 3a cxist ycTpaHemiK b wa- 
TepHajie c noBinnsHHMK coflepsaHHeM ."Kejie 3a npsflpacnoJioxeH- 
hocth k o6pa30BaHMo xpyimtix qacTHn KHTepMeTazmnnoB , bo- 
btophx, 3a cxieT noB&niBHHH 3anaca TexHOJioriraacxoft njiacTira- 

20 hocth 3aroTosox x CTaflHH xojiosHonpoxaTHoro nepe^ejia, tn-o 
no3Bojifle? Hcnojib30BaTb aocTaTotmo Bticoxne CTeneroi ,ne$op- 
MainiH Ha nepBLK STanax hx xojioflHotf oopac*OTXH. B cson o*i9- 
P9£b, nocjiejmee yjiyxiznae? o^opoflHOCTb CTpyxTypy Ma-repHa- 
Jia h cnoco6cTBye? iopMnpoBawco onpejiejieHKoro coc?asa, ai-ic- 

25 nspcHocTK h paBHOMspHOCTH pacnpeflSJieHHH b DHpxoHH9Bofl Ma?- 
PHue tjacTinj BTopoft $a3H, b pe3yjibTaTe qero o6ecnetiH3ai0T- 
ce Cojiee Bbicoxne sxciuiyaTaipiOHHNe xapaxTepHCTHXH KSRemiVi, 

B TOM TIHCJie, X Opp O 3H0HH3JI CTOHXOCTb E Cpe^e Bb!C0X0T9Mn9- 

paTypHoro BOflHHoro napa, conpoTHBJieHHe paspjmeHHK) h ctok- 
30 xocTb pajmacHOHHOMy pocTy h no.i3ytiecTH. 

IIocTaBJiaHHaH 3aflatia pemeHa co3flaHH8M MaTepnajia Ha oc- 
HOBe mipxoHHH, coflapxairero hhooh8, ojiobc, KSJie 30 , xpom. 
yrjiepofl, xnc^opofl n xpaMHHE. HMsnmero MHxpocTpyxTypy, bxjbo- 
tranmyn qacTHUH ojioBOcoflepsamux h sce^e3ocoflep3tamnx HHTep- 
35 MeTajiromos, xoTopuR. corJiacno h3o6p9T9hhk>, co^epaniT xoMno- 
KSHTti b cJieflymmew coothoeibhhh, b Mac.^: 
HHOO'Hft 0,5-1,5 
o.^obo C.9-I.5 
He.Tie3o 0,3-0.5 
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xpoM 0, 005-0, 2 
yrjiepon 0,005-0,04 
KHCJiopoa 0,05-0,15 
KpeMHHfl 0, 005-0, 15 
5 mipKOHHft - ocTaabHoe, 

cy^a KOTopm paBHa ra „ 6oa ee So <*»«. % ot ofeero 3 oo- 
Wpmhhu seae3oconepsamnx HOTepMeTtuumnoB npH pace™™™ 
10 ve w tmcthiwo, ot 0,20 «o 0,40 mkm. paccTOAHHH 

Be ofe, a ^. yK83aH,D " K0MI ° HeHT °* « * yKaaaHHOM Ko^eoT- 

H^n l!! I BP ** m ™™°**"»« «3 fl e™fi H3 yKfl3aH— 

is SSL'SLT™ zr(Mb - Pe) 2. <£Z,JT 

£?2JZ?7 m BBC ° K,,e ^^"-"e^eoK^oBofl- 
craa HSflejHn. n PH aiou kojiotoctbo arax qacTUi B atom 

ou o6.% „ eoTOe, a paccToaHHe Me W ^mm tooths coc- 
Tasafler ot 0,20 m 0,40 mm. 

20 R 0 0 ? ^« *"V MaTep " ajI C «««■"*«■ *e*eaa ot 0,3 
«*ob b OTpyBrype cjhtkb h hb pamifoc OTajwBX ero neo^a- 

COTKH 3« CT.BT CBB3BBBH*, BHBTMTejIBHOfl mSnZ^T^ 

25 KOTojm OHam.re^o Manama, sea paa«ap w T L^2 

o^wpnni b MBTepHajie b OTcyrcTBHH xpoT B ^Stb 
»ro » TpaoyeTc* npoaa^ K0I 2; 1 ™" 
wx B^epBeK npB/.oepaCoTKa. noBunaHHoa ooaep^fZ^ 

an MaTepH8JIe ofecne ^ b Km maSSt cot 

Zr(Hb,Pe) 2 , te (Hb,Or,Pe),(Zr,flb),Fe K0 - 
™« nP « fleJOT, I BUe ° KHe OBoBoTaa 

35 Z™! OflHopoflH0CTl «H«JPi MBTepHajm. K HM opo fl xaxae 
praffl ynpowjueai. wo-rm-TBo- 
BHmene P e, " ,Me »«"e ^aKTopu np H no^emm, coraacm, 
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ByTOT $0pMHp0BaHHK) B KOHetJHOM H3,HeJIHH OflHOpOJIHOil MeJIK03ep- 

hhctoR oC -impKOHneBoti MaTpHi|u c paBHOMepHO pacnpejaejieH- 
hhmm b Hefl xiacTimaMM sejiesoconepxamiix MHTepMeTSJijm#OB , 
ochobhblh Macca KOTopwx HMeeT pasMepu MeHee 0,1 mkm npn 

5 MeKtiaCTJFJHOM paCCTOHHHM OT 0,20 MKM flO 0,40 MKM, IipH 3T0M 

He MeHee 60 06 .% tiacTHU. b cyMMe cocTaBJijnoT HHTe pMe t aji— 
jmm TMna Zr(Nb,Fe) 2 , Zx (Kb, Cr, Fe), (Zr, Nb^e. 

HajiiWHe TaKofi MHKpocTpyKTypu b H3flejiroi hs aaHHoro ciuia- 
Ba oCecne^iHBaeT mi BHcoKyD Koppo3HOHHyD ctoAkoctb, bkjid- 

10 ^an noBumeHHoe conpoTHBJieHHe HOflyjinpHofi Koppo3HH, BHCoKyio 
iuiacTiraHOCTb k conpoTHBJieHHe pa3pymeHHH), noBumeHHyio ctoh- 
koctb k pajuiauHOHHOMy pociy h nojrayracTH. 

IIocTEBJieHHaH 3aflaTia pemeHa TaKae C03,iiaHneM cnocooa 
nojiytieHWH H3flejmfl, ncnojib3yeMHX b aKTHBHofi 30He etomhux 

15 peaKTopoB ,H3 MaTepwajia na ocHOBe ijhpkohuh, coaepKamero hh- 
oOHft, ojiobo, Kejie3o, xpoM, yrjiepoji, Kncjiopo,n, KpeMHHft, 
BKjnDtiaumero H3r OTOBJienne cjimtkb, npe^apHTejibHyB^-oopaooT- 
ny cjiMTKa, nojiyqeHHe 3aroTOBKH nyTeM ropjreero $opMOBaHHH 
cjimtkb npM TeMnepaType cymecTBOBaHiw ^-uhpkohhh, xojioa- 

20 Hoe (fiopMOBaHHe saroTOBKH c npoMesyTO^HUMH oTsnraMH npM 
TeMnepaType cymecTBOBaHHH oC -uhpkohjw h ^oBOflKa saroTOBKH 
«o roTOBoro M3flejiHH, b kotopom, corjiacHo jraoopeTeHHio, hc- 
nojib3yi0T MaTepnaji, coflepacanwfl KOMnoHeHTu b cjieflyBiueM coot- 
HomeHHH, Mac.%: 



25 


HHOtiMft 


- 0,5-1,5 




OJIOBO 


- 0,9-1,5 




scejieso 


- 0,3-0,6 




XpOM 


- 0,005-0,2 




yrjiepofl 


- 0,005-0,04 


30 


KHCJIOpOfl 


- 0, 05-0, 15 




KpeMHHtt 


- 0,005-0,15 




qnpKOHHti 


- ocTajibHoe, 



npn stom nocjie ropfmero $opMOBaHHfl cjimtkb npn TeMnepaType 
cymecTBOBBHHH -t(npKOHHH 3aroT0BKy oTKHTaDT npH TeMnepa- 
35 Type ot 380° ao 650°C. 

Hcnojib30BaHMe npejuiaraeMoro cnoco(5a nosBOJweT noBu- 
CHTb 3anac TexHojiormiecKoft njiacTiWHocTH MaTepnajia 3a c^ieT 
i|)opMHpoBaHHH npM yKa3aHH0M cX'-oTKwre dojiee paBHOBecHotl m 
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offHopojwoa c toxikh speHHH CTeneHH peKpHCTajuiwaamiH CTpyK- 
Typu mbtphuh c oojiee hhskoA mioTHOcTbn AHCJioKauMft. Ojwo- 
BpeMeHHO c npoueccoM pexpHCTajumaaiWH *-UHpKOHHeBoft mbt- 
Pmi?j Ha^jMHaioT o6pa30BHBaTbCH tiacTHqy BTopofl $a3H THiia 
Zr(Ub,Pe) 2 , Zr(Nb,Cr,Fe), (Zr f Hb,Hb) 3 *e. 3to flaeT B03- 

MOKHOCTb OCymeCTBJlflTb XOJIOflHOe $OpMOBaHHe 38T0T0BKM HE 

nepBux cTaflHHX c n oBLnne hhhmh cTaneHHMH flefcopMaujw. Boaee 
bucok&h cTeneHb aei&opMaujiH MeTajuia Ha nepBOM 3Tane xojioa- 
Hofl odpadoTKH cnocodcTByeT CHHseHrao TeMnepaTypu Havana 
peKpHCTajDiH3ai^H 3epHHCT0ft CTpyxrypu npn nocjieflynmeM npo- 
MesyTO^HOM oTEnre 3a <reeT yBejuraeHHfl HaxonjieHHoft npn fle$op- 
Maujw SHeprHM aKTHBai^mi 3Toro npouecca. TaKan CHTyaujiH 
no3BOJweT npoBOflHTb npoMeayTOTOHft otkht Mew CTa^wMH xo- 
jicWiofl o(5pa6oTKM np» oojiee Hjraxofl TeMnepaType, *m> 3aMea- 
juieT pocT xiacTHU BTopoft $a3H apyroro Tuna (HanpHMep, Zr?e 3 ) 
bo BpeMH 3Toro oTKHra. 3to Tarae cnocoocTByeT o6pa30BaHra> 
tiaeTWH BTopott $a3H TMna Zn(NbFe)2»Zn(Hb,Cr,Fe), 

(ZnNb) 3 Fe b xojuroecTBe 60 otfbSMHHX % h <5ojiee ot ofimero 
KOJimieCTBa Kejie3ocoAepsamHX HHTepMeTajmHAOB, a Taxsce 6o- 
jiee flHcnepcHOMy pacnpeffejieHHD tjacTHU BTopofl $a3H b o6teue 
HsnejiHfl. A 3to, b cbok> o^peflb, dJiaronpHHTHo cKasHBaeTca 
Ha OKCiuiyaTaiflioHHUX xapaKTepHCTHKax H3flejnm, tbkhx kbk 
Koppo3H0HHaa CToftKocTb, miacTireHOCTb h conpoTHBJieHHe pa3- 
pymeHWD. 

KpoMe Toro, yBeamieHHe CTeneHH AefcopMaiBUi MaTepnajia 
Ha nepsux CTagpuwx xojkwhoto $opMOBaHHH 3aroTOBKM noBuma- 
v eT TexHOJiormwocTb cnocooa h AeaaeT npouecc war oTOBjieHim 
HSflejiHft dojiee OKOHOMiraHbiM, ^rro no3BOJineT pacnpocTpaHWTb 
ero Ha ooabnyB HOMeHKJiaTypy unpROHHeBnx MaTepwajioB h wane- 

JIHH M3 HHX. 

HejiaTejibHo nocae J3 -oopaooTXH nepeft ropOTHM $opM0ga- 
HHeM cjmTKa 3aroTOBKy oTamraTb npH TeMnepaType 380-650 C. 
Taxofl otkht cHHMaeT 3aK£motiHHe HanpHEBHUH, yMeHbmaeT h bh- 
paBHMBaeT imoraocTb AHCJioxaimft no ce^eHHD 3aroTOBKH m npw- 
boaht MaTepHSJi x ooaee paBHOBecHOMy coctojihhb, <ito cymecT- 
BeHHO noBtmaeT 3anac ero miacTiWHocTM h btoxoctm. B pe3yjib- 
TaTe Taxoro OTKHra npouecc ropn^ero fcopMOBaroifl mokho npo- 
Bo^HTb c dojibnieft bhthkkoh h npH 6ojiee hhskoW TeMnepaType. 
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OcodeHHO bskho npuwieHeHHe 3Toro OTKura jojih MaTepnajioB c co 
flepavaHHeM sejie3a 0,3-0,6 Mac.%, tbk kbk c yBeJimenueyi co- 
.HepEcaHMJi 7Kejie3a, Ha Kasyaie ero 0,1 Mac.%, TewmepaTypa nepe 
xofla ( o( njiioc y3 ) CTpyKTypa b ^-CTpyKTypy CHM&aeTOH 
5 npH6jiM3HTejibH0 Ha I5°C. DosTOMy npeffJiaraeMHfi otsht nooie 
-o6pa6oTKM .uaeT B03MosnocTb npoBeaeHHH ropjreero $opMo~ 
bshmh c bhcokmmm CTeneHjnw bhthskm npM 6ojiee HH3Kof$ TeMne= 
paType, ^rro flejiaeT npejuraraeMHft cnocod 6onee yHHBepcajib- 

HUM. 

10 Ueaecoo6pa3Ho nepe#o^=>oTKHroM nocjie rop^ero §opwioBa~ 

hhj? 3aroTOBHy noflsepraTb J§ -3aKasKe c TennepaTypH ot 900 
Ho II00°C, npjs 3tom yKasaHHHil oC=otkht ocymecTBJiflTb npn 
TewmepaType ot 380 #o 520°C. 

IlpM tskom coneTfiHHM j$ =>3aKajiKM m tf'-o'P&Mra noaae ropj? 

15 *iero fiopMosaHMH ooecne^msaeTCJi bhcokh# 3anac TexHOJioPH= 
tiecKoJ? naacTJTOHocTM b MaTepwajie. IlpM 3tom xojtoahoc §opMo~ 

BEHMS SarOTOBKH Ha HamJIbHOM CTajOMM MOKHO npOBOAHTb C BH= 

cokhmm CTenemm ooaaTHUo HpMMeHeHMe yKasaHHO^^-saKajnra 
ccC-otkhpom nepefl sojiosho^ oopaooTKoffl sbtotobkm npssso^wT 

20 K Goaee MeaKoaMCnepcHOMy pacnpefleaeHMio tsacTMi; BTopo$ $a3H 
b MBTpMije H3#ejxMs. Hojiy^aeTCii sto aa c^seT topo, wro y^=sa<= 
KajiKa no^HocT&s) pacTsopjjeT m?ejmeT8Jumjm n spgrrwe ^sacTHiga 
BTopo^ §&3u 9 odpasoBasniMecH Ha paHHHX CTa&MHX nemonorn^ 
^ecKoro nepe^e^a. Uocxep&mvtPL s^-otehp npM TeasnepaType 

25 380=520°C CHMMaeT saKaao^oaie HanpjnsteHMH, cHwaaeT hsothoctb 
wexoKam® 3 MSTpnue b peayjibTaTe npoxjecea na?rapoHM3as#ra, 
- ho He npMBOgMT k noBTopHow^ oopaaosaHws) HHTepMeTajuiwsoB m 
apyrra *aac?raj B?opo$ gasu ms y# ^UMpKOHMesmc npocaoen, pac- 
nojioseHHHX Mesy^r naaeTMHaMM aaKaaeHHOfS CTpyKTypsa MapT6H= 

30 CMTHOPO TMHa. HpoCJXOMKM COXpaHHBT CBOS) (|opMy M OCTBIOTCH 
flOCTaTO^HO XDiaCTjraHHMM, MSMeHHH JXMffib CBOH) BHyrpeHHSOS MMK= 

pocTpyKTypy 0 Tanas 3 aKajieHH o=*ot oKKeHHan anacTMiPsaTas CTpyn= 
Typa no cpaBHeHHio co CTpyKTypoft nocjie y^~3aKajiKM 6es oC-ot- 
scwra, HMeeT cymecTBeHHo 6onee bhcokmI! 3anac bhskoctm, mo 
35 nossojifleT ocymecTBJiHTb xojioAHoe ^opMosaHwe saroTOBKM c 
6onee bhcokmmm CTeneHHMM odsaTMfl. B peaysbTaTe xo^ogHoro 

$OpMOBaHMfl^J~UHpKOHHeBtie npOCJIOHKM 3aKajieHHO°OTOKKeHHOi5 



CTpyKTypu MaTepnajia BHTarHBaioTCH b HanpaBJieHKK npoKaTKK, 
yTOHjmcb m tiacTHWO $parMeHTHpyfl b HaHGojiee HanpflateH- 
hhx yxiacTKax. IlocjieflyKmHfl otkht npHBOflHT k oopa30BaHHK> 

H3 3THX TOHKHX IipOCJIOeK 60Jiee NieJIKHX tiacTjm BTopofi <pa3H, 

5 B ochobhom, Tuna Zr(lsb,Fe) 2 »Zr(Wo,Cr f Fe), (ZrjiTb^e 

h B 6ojibmeM KOJiiwecTBe. ^eM 6ojibme CTeneHb xojioahoh fleipop- 
MaifllH, TeM TOHblDe MOKHO no^iMTb npocjioftKH H otkht npoBo- 
flyiTb npn oojiee HH3Kofl TeimepaType, He flonycKan pocTa tiac- 
thi;. TaKHM o6pa30M, b KOHe^JHOM H3flejiHH MeJiKOflHcnepcHtie ^ac- 
10 THiflj yKa3aHHoro Tuna o6pa3yDTCH b KOjnraecTBe 60 o6.% h 
oojiee ot otero o6*beMa Kejie3ocoflepKamHX tiacTHU, BTopofl 
$a3H h 6ysyT paBHOMepHO pacnpeflejieHH b MaTpuqe H3flejiHH c 
BHcoKoft iwoTHocTbn. TaKaa MHKpocTpyKTypa ofijiaaaeT 6ojiee 
bhcokoh" imacTiWHocTbD, conpoTHBJieHHeM pa3pymeHHD H Kop- 

15 p03W0HH0ft CTOftKOCTbH). 

KejiaTejibHO y3-3aKajiKy npoBOflHTb co CKopocTbD ot 60°C/c 
no I000°C/c. B 3tom cjiyuae oopa3yeTca tfojiee MejiKojmcnepc- 

HBfl CTpyKTypa C y3KHMH IUiaCTHHaMH HepaBHOBeCHOH^-HMpKOHH- 

eBoil $a3H, Meatfly KOTopuMM HaxoflHTca (Sojiee TOHKMe npocjiottKH 
20 Jb -nHpKOHHeBofl $a3H, H3 KOTopux npw nocjieflynimx onepanwsx 
xojioflHofl o(5pa6oTKH c npoMeKyrotiHbiMH otkht aMH o6pa3yDTCH 
HHTepMeTS TTJtMTTM h flpyme tiacTHip BTopofl $a3H. HeM MeHbme 
iuiacTHHH h TOHbme npocjioflKH Mesfly hhmh, TeM Mejn>*ie oopa- 
syiOTCji tiacTMma BTopofl $a3u, MeHbme MearaacTiWHoe paccTOHHHe 
25 h, cooTBeTCTBeHHO, <5ojibme imoTHOCTb 3THX tiacTHi;. Bojiee 
AHcnepcHoe h paBHOMepHoe pacnpeflejieHMe tiacTHU. BTopofl $a3M 
b MaTpraje H3flejiHfl npHBOffMT k (Sojiee bhcokoR miacTiraHOCTM, 

COnpOTMBJieHHS) pa3pymeHHD H K0pp03H0HH0H CTOHKOCTH. 

JlyqnmH BapHaHT ocymecTBJieHHH H3o(5peTeHHH 
30 Cnoco6 H3roTOBJieHHH H3flejmil (HanpMMep Tpyo*), Hcnojib- 

3yeMux b bktmbhoh 30He aTOMHHX peaKTopoB r H3 MaTepwajia Ha 
ocHOBe umpkohmh, ocymecTBJiHeTca cjieflyrauHM otfpaaoM. 

Cjihtok H3 MaTepwajia, cojuepKaiuero, Mac.%: 0,5-1,5 hmo- 
6vm, 0,9-1,5 ojioBa, 0,3-0,6 mejie3a, 0,005-0,2 xpoMa, 
35 0,005-0,04 yrjiepofla, 0,05-0,15 KHCJiopo.ua, 0,005-0,15 KpeM— 
hhh, ocTBJibHoe - umpkohmm, M3r otbbjimbbot , HanpMMep, Bany- 
yMHo-AyroBUM nepeiuiaBOM. 

HajiHtine y KB3 bhhhx KOMnoHeHTOB npw hx yKa3aHH0M coot- 
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HomeHMH otfecnetmsaeT H3fle.TOflM bhcokhB yposeHb xopuo3HOK- 
hoE oTofc-cocTH, conpoTHBJieHHH pa3pymeHHD k ctomxocth paima- 
ithohhomv poc-ry h noJisytiecTH . B KaqecTse ockobh MaTepMana 
ncnoJib3veTCH uhpkohhk, o6n&Ji,axmPi HH3KHM ceyeHHeM 3axsaTa 
5 HB^TpoHOB , h HanooJiee nmpoxo ncnojib3yeMuK b aTOMHofi 3Hep- 

T9THX9 . 

OJIOBO nOBMnaST X0pp03H0HHVD CTOftXOCTb IJHpKOHHH H TJIBB- 

hhm o6pa30M, o(5ecnsqHBasT eMy Heo6xoflHMbiH ypoBSHb npotmoc- 
th, conpoTHBJieHHH noJi3yqecTH h apyrax 3xcnjryaTaunoHHHX 
10 xapaKTspwcTHK . 

HoBHineHHoe coaepacaHne seJie3a odecnemiBaeT b yi3j\emm 
HeofixoflHMHfl cocTa3 m KOJuraecTBO Re^esocoflepxaupa HHTep- 
MeTSJUiHflOB TaKKX xas Zr(Hb,F6) 2 , Zr (Fe, Cr, Nb) , 

(Zr, Nb>3Pe » KOTOpHS OnpeHSJIfllDT BHCOKHS X0PpO3HOHH0- 

15 MexaHHqecxHe cBoflCTsa Haaejiwr. 

flofiaBXH xpoMa b MaTepwaJi c noBHmeHHUM coflepmaHHeM 
aeejie3a cnoco(5cTByioT h 3Me JTbtjeHioo ^bcthh HHTepMeTajiJiMflOB b 
cTpyKType cjottkb h hb pamoDC CTaflHflx ero nepepaooTXH. 
B pe3yjibTaTe qero He Tpe(5yeTCH npoBeaeHHH jpmTejibHUX 
20 buc oxot eMnepaTypHHX BBwepxex npH y£-o6pa6oTKe. 

KpeMHHfl h yrJiepoa H3MeJibtia»T h noBumanT oflHopoflHOCTb 

CTpyKTypH MBTeTDHBJia . 

Hwcaopoa HSMSJibtiaeT CTpyxTypy MaTepiiaJia, a Tax se 
Hcnojib3yeTCH xax TBep;nopacTBOPHH& ynpotiHHTejib . 
25 HhoCShB nosbunae? npcraHOCTHbie cBoftcTBa itmpkohhh h, 

o6pa3yn c hhm h aceji830M MeJKOjmcnepcHue xiacTHiju B-ropoK $a- 

3K B IIKpXOHHeBOH MBTPHIje , yJIJ^HDaBT ee X0PP03HCHHyD CTOftKOCTb. 

IIpH coflep7KaHHii b MaTepnaJiB hhoGhh MeHee 0,5 Mac.$, 
He.ie3a msksb 0,3 Mac.% h xpoMa mbkbb 0,005 ua.cS b °^ -imp- 

30 KOHueBoR MaTpHre xoHetmoro h3Hsjihh aojih mht epMeTaJunmo? 
Tuna Zr(Hb,Pe) 2 , Zr(Hb,Cr,Pe) , (Zr, Nb) 3 Fe b cvmmb 

tfyne? cygscTBBHHO MBHoine 60 o6,f- ot otfmero oCfeeMa sejiesoco- 
jzeuscamux ^acnn* F?opoft d»a3H, b pe3yflbTa?e tiero xoppo3HOHHaH 
CToflxocTb Marepnajia 3aMe?H0 cHiccaeTCfl. Ilpn coflepsaHHii hhoGhe 

35 oojiee 1,5 Mac.# b Ma?epnajie oopa3yeTCH SHaxn-rreJibHoe xojih- 
tiecTBO xtjyriHHX xrac?HT T ,y3-HHO(5Mesott $a3K, ^to CHHsae? conuo- 
TKBJieHHe MaTeuwaJia xoppo3HK. 
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CoaepKBHHe Kejie3a b MaTepwajie Gojiee 0,6 Mac.% npHBO- 

flHT K o6pa30BaHHK» CKOIIJieHHH KpyilHHX XiaCTHU HHTepMeTflJI— 

jiHfla Tuna ZxEe-^ , H3JiHmHeH KoaryjiauHH Apyrnx sejie3oco- 
flepKamMX tiacTHU. BTopoi* $a3H c MeswacTjraHUM paccTOHHHeM 
5 MeHee 0,20 mkm. B pe3yjibTaTe MaTepHan 6y.neT HMeTb iiohh- 
seHHyio TexHOJiorH^HOCTb b npouecce #e$opMauHOHHOH oopafioTKH 
h <5ojiee HH3Koe c onpc-THB JieHHe paapymeHHB b totobom H3£ejiHH. 

JlpH coflepKaHMH xpoMa 6ojiee 0,2 Mac.% b MaTepnajie mo- 
ryT o 6pa30BHBaTBCH 6nHapHtie HHTepMeTajungiH wpkohhr c xpo- 
10 mom, yxyflmamwe TexHOJioriniHocTb h conpoTHBJieHHe paapyraeHMD 
MaTepnajia. 

HH3Koe co^epKaHHe ojioBa tenee 0,9 Mac.#) CHHKaeT 
KpaTKospeMeHHyio h .miHTejibHyro nporaocTb MaTepMajia. KpoMe 
Toro, TaKoe KOJiiraecTBO ojioBa b mmmeto CTeneHM noflaBJineT 

15 Bpe^Hoe BjnwHHe bo3mokhoh npHMecH a30Ta Ha conpoTHBJieHHe 
M&Tepnajia Koppo3MH. Ecjih ojioBa b MaTepnane 6yp.e? 6o:ibme 
1,5 Mac.%, to 33MeTH0 CHHStaeTCH TexHOJioriWHOCTb MaTepnajia 
npw ropanefl m ocooeHHo xojiojmoft oopaooTKe pjBSJiewieii. 
Manoe coflepacaHHe KHCJiopoffa { MeHee 0,05 mbc.%) 

20 npaKTOTecKH He flaeT TBeptnopacTBopHoro ynpotmeHMH of- ijwp- 
KOHweBoft MaTpHHu, a cdflepKaHite KHCJiopofla oojiee 0,15 Mac.% - 
CHHStaeT TexHOJioriraHocTb MaTepwana. 

ConepscaHHe KpeMHHH MeHee 0,005 Mac. % HeAOCTaTotmo jjjih 
flHcnepPHpoBaHHH h noBumeHMfl oflHopojmocTH JiHTOft CTpyKTypu 

25 MBTepwajia, Tan kelk b stom cjiyoae $opMHpyeTca, npenMymecT- 
BeHHo, KpyimonjiacTHHtiaTaH cTpyKTypa, *rro oTpmjaTejibHo CKa- 
3UBaeTCfl hb KopposnoHHo— MexaHiroecKHX cbohctbsx roTOBoro H3- 
flejuw. IlpH coflepsaHHH KpeMHHH CBepx 0,15 Mac.% b MaTepHa- 
jie o<5pa3yi0TCH HHTepMeTajmivw c KpeMHueM, yxywnaramie ero 

30 TexHonorHtiHOCTb h xapaKTepucTMKH TpemiwocToflKocTH m conpo- 

THBJieHHfl K0pp03HH H3,HeJIHH. 

Hn3Koe coaepKBHHe yrjiepofla (MeHee 0,005 Mac.%) chm- 
EaeT Koppo3MOHHyn ctohkoctb MaTepMajia, a npw coaepKaHHH 
yrjiepofla oojiee 0,04 Mac.% o6pa3yeTCH h3(5htok Kap6Hfla mipKo- 

35 HHH, KOTOpufl KBK H HHTepMeTajIJIHHH KpeMHHH CHHStaeT TeXHO- 

jiorwiHocTb h conpoTHB JieHHe pa3pymeHH» MaTepMajia. 

Ilocjie BtnmaBKH cjihtok nojiBepraiOT MexaniraecKoft y£-o6pa- 
6oTKe, HanpHMep, flaBJieHHeM npn TeMnepaType ot 1070 ac 
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900 C c yMem^HHeM waideTpa npn6jin3HTejib H o b 5 pas Hoc- 
Jie 3Toro odpadoTaHHbifi naBJiemeu cjmtok HarpeBaioT no TeM - 
nepaiypH, HanpHMep, I050°C, a 3a T e M 3BKajiHBaioT b Boae 
nocjie yxajieum noBepmocTHoro rasoHacmueHHoro cjioh 3 axa- 
5 ZrioF 3ar0T0BKy oTHcuraiDT np H TeMnepaType ot 380°C * 0 
650 C. B pesyaBTare oTKura npMwepHo B^Boe yBejiHtiHBaeTca 
yaapHa* bjiskoctb sajcajieHHofl sototobkh aa c*ie T chhthh saica- 

JIOWDC HanpHKeHHfi, CHHBCeHMH H BHpaBHHBHHHH IUIOTHOCTM JWC- 

aoKamiff no cetjeHMD saroTOBKH h ^cthuhoR TpEwcSopMaiwM 
10 njiacTHHtiaTO^ CTpyKTypa c oopasoBamieM y^acTKOB bht™ 

n0JIMT0HH3 0B8HHHX 3e P eH * -IWpKOHHeBOfi $a3H. OflHOBpeMeHHO 

c MsweHeHHeM CTpyKTypw Mai-pm?* tiokbjuwtce ct P oxikh tiacTwn 
MHTepMeTajuiHfloB, b tom tmcae, rana Zr(flb?e) 29 2r(Pe Cr Fo) 

(Z f N ^ ) 3 Fe ' C^OpMHpOBaBIDMeCH H3 npOCJIOeK 0CT3T0t|l 

15 HOft J§ =I?HpKOHMeB OH §a3H. 

Otkht Hime TewnepaTypu 380°C HeaocTaTotieH MR cymecT- 
B8HHHX CTpyKTypaa mamenenm s encase, npMso^niiHx k H eo<5~ 
xoflMMOMy noBMneHMD sanaca TexHoaoiwcKofS MaewHocTH. 
utshp same 650 C cmrasos c nosHmeHHHM c ogepscauMeM TDe- 
20 TBero KoaanoHeHTa, Hanp^ep, aeaeaa, npH B 0flMT K aono^HM- 

TeaBHOMJ odpaaosaHMD OCTaTOTOoSI ^-UHpKOHMeBOSi fcaati H3 = 3a 

nona^m* b oefcracTb * mooc ^/cTpyKTypsa, ^ 0 B pe3y ^ 
Ta T e npHBOAMT k oopaaosaHHB %>ym*& <iacT M n. MHTepweT^ 
sob, TOmnamuMX miacTiraHocTb, conpoTMBjreHMe paapymeHKD h 
25 KopposwoHHys) ctoKkoctb MaTepwana Ha^easm. 

3aTe M oTo^HHya, 3aroTOBKy nowepraar rop^eMy $ OP mo- 
saH^D (HanpHMep, npeccoBaHHK)) np H TeMnepaType cyyecTsoL 
HMHcx'.mapKOHHfl, HanpHMep, 620°C, c Burmxo® ( /<, ) m*. 

JXHSMTeJIbHO OT 5 fl0 12 pa3 M HOJiy^eHMeM TpySH0fi3ar0T0BKM<. 

U 3aTeM ^PeccoBaHHyio aaroTOBKy nqABepranr j$ -aaKajrae c 

l^Tl^lf V° n0 °° C C ° CK0P °— « 
60 C/c flo I000°C/c. B pesyjibTare^ -aaRam oopaayeTc* 

cjpyKTypa MapTencMTHoro TM na c naacTMHaMM HepaBHOBecHofl 
*C -iwpKOHHeBof? $aa H mnpMHoft ot 0,4 R o 1,5 mkm m ysKHMH 
15 Rental ocTaTo^o^^KOHHeBo^ $a3u nonepeqHMM 
MepoM fl o 0,1 mkm, a tiacTHim HHTepMeTajiJiHjnoB , ofipaaoBaBnra- 
eon puree, pacTBopnioTCfl np H Harps Be m BtmepKKe nepe* 3 a K aji- 
ko». Tanan naacTjiHtiaTa* c T pyKTypa nocjre y^-aaKajiKH xapaK T e= 
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pH3yeTCH 3HatieHMHMH y^apHOR BH3K0CTH B HHTepBBJie OT 60 

,no 120 kJJk/m 2 . 

3aicajiKa c TeMnepaTypu HHKe 900°C He npHBOftHT k oopa- 

30BaHJOO OflHOpOflHOft TOHKOIDIBCTHHTiaTOJl CTpyKiypH, TBK K&K 

5 b 3tom cjiy^ae npw Harpese nepea 3aKanKofi ciuiaB 6yp.eT meTb 
o( mnoc y3 CTpyxTypy. HarpeB nepefl 3aKajiKofi ja,o TeMnepa- 
Typu Bume II00°C itohbojiht k ope3MepH0My pocTy 3epeH/£-wip- 
KOHHeBoti $aaH, Tito 3aMeTH0 yxymnaeT TexHOJioriWHoCTb ciwaBa 
nocjie 3aKajiKH h nocjieflyrauero oTKHra. KpoMe Toro, dojiee bh- 

10 coKOTeMnepaTypHHfi HarpeB TpedyeT AonojmHTejibHHX 3aTpaT 
ajieKTpoaHeprHH, trro CHHucaeT 3K0HOMH*iHocTb cnocoda oopaCoT- 

KH. 

3axajiKa co CKopocTbD MeHee 60°C/c itphboaht k MeHee 
TOHKOiwacTHHtiaTofl CTpyKType HepaBHOBeCHOfl C( -ipipKOHHeBOfl 



15 $aaH c tfoaee rpy&iMH npocjioftKaMH ocTa«rcniHOfl y^-ipipicoHHeBofl 



$a3H. UpH 3T0M B IipOIjeCCe OXJiaJRfleHHfl OTAeJIbHHe JipOCJIOflKH 

ycneBaiOT $parMeHTMpoBaTb c oopas osaHHeM CTpcreeK MHTepMeTan- 
anflOB, KOTopue npn nocJie^yKmrac oTrarax yKpynHOTTCH h yxy£- 
mauT CBoftCTBa ciuiaBa. CBepxBucoKHe cicopocTM 3aKajncn fiojiee 
20 IO00°C He npHBofljrr k flonoaHHTejibHOiqy H3Mejib^ieHHD CTpyKTy— 
pu, noaTOMy, c tctckh 3peHHR 3K0H0MHQH0CTH cnocooa, oxjiaat- 
fleHue c TaKHMH ckopocthmh Hemsjiecoo6pa3Ho m TpyBHoocyme- 

CTBHMO. 

3aTeM ocymecTBJWDT otsht npu TeMnepaType ot 380°C 
flo 520°C, KOToptift yBejnwHBaeT 3Ha*ieHHe yjjapHoft bhskoctm 
3aK£uieHHoro MaTepwajia ro 200 - 250 kAk/« , cymecTBeHHO 
CHHsaeT npotraocTHHe xapaKTepHCTHKH h noBHmaeT iwacTOTHocTb 
MaTepwajia. Ilocjie Taxoro oTKHra b HeKOTopux KpHCTajuiax 
(iwacTHHax) HepaBHOBecHOft <X — ijnpKOHHeBOt! $a3H o(5pa3yeTCfl 
noJinr oHajibHELH cyocTpyKTypa. Ha<5jiDffaDTCjj mxopsoie BHTHHy- 

TUe IUiaCTHHH 3T0ft 0( -ipipKOHMeBOfl $a3H K JTTiaCTKH C paSMHTOfl 

MejnroKpMCTajniHtiecKoft cTpyKTypott. IIpocjioftKH ocTaTotwoft 
y^-UHpKOHHeBoH $&3u Meatfly ruiacTHHaMH CTaHOBHTca Menee tot- 
khmh (ksk— 6h pasMMTUMH) h b oTflejibHHX MecTax npeptiBHCTU- 
mh. 0(5pa3OBaHHH HHTepMeTajDiHflOB npH TaKOM oTKHre He npowc- 



Otkht HMKe 380°C He npHBOflHT k 3aweTH0My noBumeHMio 
3anaca TexHcwioriroecKofi njiacTH*iH0CTH 3aKajieHHoro ciuiaBa, 




XOflHT. 



- 16 - 

a npn oTKure Btnne 520°C Ha^HHaeTCfl $parMeHTamui npocjioeK 
Jb — uupKOHHBBof! $a3i>i c odpasoBaHHeM Ha hx MecTe npoTHKeK— 

HLJX CTpo^ieK HHTBpMeTajIJIMJIOB , *iTO B yCJIOBHHX X0JI0£H0fl fle- 

(popMaqMH c 60JIMDHMH CTeneHJiMK oosaTHH itohbojiht k o6pa30Ba- 

5 HHK) MHKpOTpeiUMH. 

3aTeM 3aroTOBKy nocjie TaKoro OTsura noflBeprawT o#ho- 
Kpa?Hofl xojioflHoR odpadoTKe .naBJieHHeM c bhtakkoH ( y& ) 
npn6jiH3HTejibHo b 1,5-2,5 pa3a h fledbopMaijHefl ( S ) 30-60%. 
tei nojiytieHiw b nocjiejQnomeM (5ojiee MejiKoflHcnepcHofi CTpyK— 
10 Typu npeflno^THTejibHo yKa3aHHyio xojiojwyD oopaGoTKy ocyme- 

CTBJIHTb C MB KC HMajI bHHMH CTeneHflMM OOKaTHH. 

Ilocjie oflHOKparaofl xoaoaHofi ,ne$opMauHH 3aroTOBKy noa- 
BepraioT npoMeKyro*iHOMy peKpHCTajmn3atpioHHOiQr i^-OTKury 
(KaK npaBHJio, npj; TeMnepaType 540-640°C). Ilpii TaxoM 

15 ^-OTKHre b ,ae|)opMnpoBaHHOft MaTpime HflyT npoueccn peKpwc- 
TajuiH3ai^iH 3epHHCT0l! CTpyKTypH h o6pa30BaHHH M3 npocjioeK 
ft -UHpKOHHeBoft $a3H wacTim HHTepMeTajuiHflOB h apyrioc 
BtmejieHHfl BTopofi $a3H. HeM 6ojn>me oujia npeflBapHTejibHaH 
CTeneHb .ne^opMamw, tom HHTeHCHBHee nayr 06a 3tmx npoijecca 

20 h npH (5ojiee hh3koH TeMnepaType Af-oTKHra. B pe3yjibTaTe 

$OpMHpyeTCJ! MeJIK03epHMCTaflO'-l^ipK0HHeBafl MaTpMIja C MeJIKHMH 

tiacTHiiaMH BTopofi $a3H, b tom tnicjie MHTepMeTajuiHflaMM Traia 

Zr(iIb,Pe)2 , Zr(FD,Cr,Pe) , (ZrNb)o?e • P a cnojlOKeHHHMH 
B OCHOBHOM CTpOXIKaMH Ha MeCT3JC HCXDflHHX IipoCJIOeK /$ -IfljpKO- 

25 HueBoft $a3H. ✓ 

OnepaimM xojioflHoJl fle$opMamiM h o( — oTamra noBTopjnoT 
eme, kbk npaBMJio, TpM-^ieTbipe pa3a b 3aBncnM0CTM ot HOMeH- 
. KjiaTypu mnejim. 3a ctieT tiepeflOBaHHH npoijeccoB Ae$opMaimH 
h peKpHCTajwHsaifliH (X'-iflipKOHMeBafl MBTpuqa MaTepnajia CTa- 
30 hobhtch Cojiee MejiKoaepHHCTOfl, a CTpotietmocTb b pacnojiose- 
hhh qacTMU BTopoW $a3H ycTpanfleTCH. 

Tskhm o(5pa30M, b KOHe^moM H3flejiHM $opMnpyeTCfl noa- 
HocTbK) peKpHCTajuiH30BaHHafl CTpyKTypa ef-uupKOHHeBoft MaTpn- 
W c pa3MepoM 3epHa b ochobhom ot 3 no 5 mkm h paBHOMepHo 
35 pacnpeaejieHHHMM b stoB MaTpnqe tiacTHqawH JKejiesocoAepjKamwx 
HHTepMeTajinHflOB b ochobhom pa3MepoM MeHee 0,1 mkm, npM 
MeareacTHtmoM paccTOHHHM 0,20-0,40 mkm, naoTHocTbio I5l 
25 mkm" , npn 3tom oojiee 60 o<5-beMHHX % m ofimero oGteMa 
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yKa3aHHtix tiacTMU. cocTaBJijnoT hht epM6 t ajuiHjm Tuna 

Zr!(Nb,Pe) 2 , Zr(Hb,Cr,Fe) , (Zr,Nb) 3 Fe. 

Taxan oOTopoflHan h MejiKOflMcnepcHafl CTpyKTypa onpeae- 

jineT bhcokhA ypoBeHb iuiacnraHocTH, conpoTHBJieHMfl pa3pyme- 

5 hhd h Koppo3HOHHOfi ctoHkocth MaTepnajia M3,nejiMiJ, npHMeHHe- 

Moro b skthbhoJI 30He aTOMHoro peairropa. 

Ecjih b odmeM o6"LeMe qacTHn, BTopofl fyasu aojih HHTep- 

MeTajuiHflOB Zr(Ub,Pe) 2 ,ZrQIb,Cr,Fe) f (Zr,iTb) 3 Fe 
cocTasHT Meuee 60 o6.% , • Tor^a b CTpyxType MaTepHajia 

10 6y.neT HMeTbca 3HatiHTejibHoe KojnroecTBO qacTim HesejiaTejib- 
hhx $a3, HanpuMep, tbkhx kbk ZxFe^ mm y£ -HUofiHeBafl 
$a3a, memiKX 6onee Kpynmje paaMenu. B pe3yjn>TaTe 3Toro 
sejiespcoflepKamMe nacTHujj BTopoft $a3H b bsjiom oynyr pac- 
npeflejieHH b o( -u#pKOHHeBofl MaTpuue c MeawacTiraHUM paccTO- 

15 AHHeM oojiee 0,40 mkm h no stoh npirairae Koppo3HOHHaji ctoA- 
koctb MaTepnajia oyueT CHHsaTbCH. 

PacnpeAejieHiie Kejie3ocoflepstamHX qacTHU. c MeKtiacnrqHHM 
paccTOHHMeM 6ojiee 0,40 mkm HatfjnqnaeTCJi npn JierHpoBaHHH 
MaTepwajia se;ie30M Menee 0,3 mbc.%. 

20 B cjiyriae jierHposaHMH UHpKOHiw HHodweM, «ejie30M w 

xpoMOM CBepx BepxHero npejiejia coflepKaHHH sthx KOMnoHeH- 
tob b npefljiaraeMOM MaTepwane, MeHreacTHtmoe paccTOHHMe 
b MaTepnajie H3flejiHH, iraroTOBjieHHoro no npeflJiaraeMOMy cnoco- 
6y, MoseT oiirb MeHbine 0,20 mkm, a H3n.ejiHH c Taxoft CTpyKTy- 

25 pott HMeHJT noHHKeHHue xapawrepMCTHKH roiacTiraHOCTH, conpo- 
THBjieHHH pa3pymeHHD h nojraytiecTH. 

Asa Jiy^mero noHHMamw H3o6peTeHHH Huse npMBefleHH kohk- 
peTHbie npHMepti ero BtmojiHeHUH. 
IIpHMep I 

30 H3 MaTepwana, cojiepKamero, Mac.#: 1,5 HHOOHtt, 0,9- 

cjioBa, 0,5 - aejie3a, 0,005 - xpoMa, 0,007 yrjiepo«a, 0,06- 

KHCJIOpOfla, 0,009 - KpeMHHH, OCTBJIbHOe - UJipKOHHft, M3roTaB- 
JIHB8JIH CJIHTOK MeTOflOM BaKyyMHO-flyTOBOft iuiaBKK. Cjihtok noff- 

Beprajin KOBKe npw TeMnepaType ot I070°C jio 900°C c yMeHb- 
35 meHneM .nwaMeTpa b 5 pa3. 3aTeM KOBaHHyo 3aroTOBKy HarpeBa- 
jih no TeMnepaTypu I050°C h 3aKajinBajm b Bo^e. Ilocjie yflajie- 
hhh noBepxHocTHoro ra30HacuweHHoro cjioh 3axajieHHyio aaro- 
TOBKy peaajin Ha MepHHe juimhb, cBepjuuin oTBepcTMa m OTKurajin 
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nun TeMnepaType 620°C. nocjie 3toto MepHbie c oTBepcTHeM 
3aroTOBKH nojieprajiH npeccoBaHHio npn TeMnepaType 620 C 

C BblTflKKOH B 10 pa3 H nCWiy^HHeM Tpy6H0H 3aT0T0BKH c TOJI- 

iiihhoh" cTeHKH 5,5 mm h BHeniHHM flMaMeTppM 33 mm. Jiajiee npec- 
5 coBSHHyD Tpy6yaTyio saroTOBKy saK&JiHBajiH c TeMnepaTypu 
950°C co CKopocTbK okojio I00°C/c, a 3aTeM noflBeprajin ot- 
KHry npn TeMnepaType 425°C. OTOKReHHtie 38T0T0BKH noflBepra- 
jih xojio£Hott odpadoTKe no nnTHnpoKaTHOft ,ae$opMauHOHHofi 
cxeMe c cyMMapHoti ,ue$opManHefl (no CTeHKe h jmaMeTpy) Ha 

10 nepBofl m nocjieflyioama npoKaTKax npH6jiH3HTeJibHO b 50% h 
npoMeisyTo^HHMH oTKuraMM npn TeMnepaType 620°C. OKomiaTejib- 
huR otjkht noone xojioffHoft npoKaTKH npoBOflWin npn TeMnepa- 
Type 580°C, Ilocjie npoBefleHHH onepaijHH aoboakh, nojiytiajiH 
roTOBue TpyoH ;waMeTpoM 9,15 mm c TOJimHHofl ctchkh 0,65 mm. 

15 IlpuMep 2 

Cnocoo* ocymecTBjui^H aHanorjWHO npuMepy I. Pa3jnmne coc- 
tojuio b tom, ito MaTepnaji coflepstaji b mbc.%: 0,8 hhoohh, 
1,0 ojioBa, 0,6 sejie3a h 0,01 xpoMa, otkht nepeji ropOTHM 
npeccoBaHHeM npoBojuum npn TeMnepaType 650°C, J$ -3aKajn<y 

20 npeccoBBHHoH TpyoHott 3aroTOBKH npoBojuuiH c TeMriepaTypu 

900°C co CKopocTbio 500°C/c, a nocjieflyiomHH otkht - npH TeM- 
nepaType 380°C. 
DpHMep 3 

CnocoC ocymecTBjnuiH aHajioriWHo npHMepy 2. Pa3JDWne 
25 coctohjio b tom, uto MaTepnan coflepsaji b Mac.%: 1,0 hho6hji, 
0,3 aejie3a, 0,04 yrjiepoaa, 0,007 KpeMHHfl, otkht nepea rops- 
vam npeccoBaHHeM npoBOflHJiH npn TeMnepaType 520°C; ^ -3a- 
KajiKy npeccoBaHHoft TpytfHofl 38totobkh npoBojuuiH c TeMiiepa- 
Typu II00°C co CKopocTbK) I000°C/c, a nocjieflyraiMH otjkht - 
30 npw TeMnepaType 520°C. 
IlpHMep 4 

Cnoco6 ocymecTBjnuiH aHanorjWHo npwMepy 3. Pa3jnraHe 
coctojuio b tom, *ito MaTepnan coflepjKaji b Mac.%: 1,5 ojioBa, 
0, 15 xpoMa, 0, 006 yraepofla. Otkht nepea ropOTHM npeccoBaHHeM 
35 npoBOflHJiH npn TeMnepaType 380°Cy^ -3aKanKy ocymecTBjnuiH c 
TeMnepaTypu I000°C co CKopocTbK) 60°C/c, a nocjieflyramHfl ot- 
kht - npn TeMnepaType 450°C. 
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UpMMep 5 

Cnoco6 ocymecTBJiflJiH anajioriwHo nprnaepy 4. ?&3iimm 
coctohjio b tom, vto MaTepwaji coaepKaji b 1,3 oJioBa, 

0,005 xpoMa, 0,005 KpeMHMH, 0,01 KHCJiopoaa, otkht nepefl 
5 ropntiHM npeccoBaHHeM npoBOflHJiH npH TeMnepaType 620 C, 
/^-aaKajiKy npeccoBaHHott TpyoHofi 3aroTOBKH He flenajiH, a 
noflBeprajiH ee oTsnry npw TeMnepaType 650 C. 
IIpMMep 6 

CnocoC ocymecTBJiwiH aHajioriWHO npHMepy 4. ?a3Jimue 
10 coctohjio b tom, WTO MaTepnaji coflepKan b mbc:%z 1,2 onoBa, 
0,4 Kene3a, 0,008 xpoMa, 0,005 yrnepofla, 0,05 KHCJiopofla, 
0, 15 KpeMHHH m OTKHra nepefl ropj*iHM npeccoBaHHeM He npoBO- 

IIpwMep 7 

15 CnocoC ocymecTBJiHJiH aHanoriWHO npHMepy 6. Pa3jiiWHe 

coctohjio b tom, *ito MaTepnan coaepKan 0,05 Mac.% KpeMHHH, 
He npoBOUHHH y? -3aKajiKy npeccoBBHHOll TpyjSnoft 3btotobkh, 
a ee otkht npoBOflHJiH npn TeMnepaType 520°C. 
IIpMMep 8 

20 Cnoco6 ocyme c tb jihhh aHajioriraHO npHMepy 7. Pa3JiiWHe 

COCTOHJIO b tom, wo MaTepHaji b Mac.% coaepKaji: 0,5 hhoohh, 
1,0 ojiobb, 0,3 Keneaa, 0,2 xpoMa, 0,01 yrnepoaa, 0,15 khc- 
jiopo^a, a otkht npeccoBaHHott 38totobkh npoBOflmiH npn TeM- 
nepaType 380°C. 

25 CoflepKaHHe KOMnoHeHTOB h peKHMta onepannft npeAJiarae- 

Moro cnocoda ajih Bcex nproaepoB npHBefleHH b TadJiime I. 
XapaKTepHCTHKH CTpyKTypu h cboActb nojiy$aopHKaTOB h toto- 
bhx Tpy6 npHBefleHH b TaonHue 2. ConpoTHBJieHne pa3pymeHHK> 
oneHMBajiH no SHaqeHHHM yaapHoft bh3koctm MaTepHana nepefl 

30 nepBoft xojiojmofl npoicaTKofl m no HajiiraHio MHKpoTpenwH nocjie 
nepBofl xonoflHofl npoKaTKH, *rro TaKEe xapaKTepnayeT m 3anac 
TexHOHorwtiecKoft nnacTiraHocTH MaTepnana. 

MMKpocTpyKTypy MaTepHana totobhx H3flejiHfi xapaKTepH- 

30BBJIH pa3Mep0M OCHOBHOft MBCCH tiaCTHU. BTOpofl $a3U (HHTep— 
35 MeTajIHHflOB ) , cpeflHHM MeawacTHtiHHM paCCTOHHHeM H AOJieft 
tiacTHU Zr(Hb,Pe) 2 ,Zr(Kb,Cr,Pe),(Zr,Nb)35'e b o6meM 

otfteMe Kejie3oco,aepKamHX racTim BTopotf $a3H. Cbohctbb TO- 
TOBHX Tpy6 XapaKTepH30BaJIH 3Ha*ieHHHMH nJiaCTlWHOCTH (yftJIM- 



HeHHfl) npH TblTHHHH 00pa3U0B Ha paCT.' -5Hne b npojaojibHOM 
HanpaBJieHHM, no yBe.wieHHio Beca oopasijoB b Bo^e aBTOKJiaBa 
npn TeMnepaType 400°C b Te^eHwe 72 tiacoB h npH TeMnepa- 
Type 350°C b Te^ieHHe 3000 yacoB, no CKopocTM nojrey^iecTH 
b TetieHHe 3000 tjacoB McnuTaHHfi npii TeMnepaType 350°C m 
Harpy3Ke 100. Mlla h no .iieipopManMH paflHaunoHHoro pocTa 
npH odjiyxjeHMM oopa3noB no $jiroeHca 5,4- IO 26 m~ 2 (E>0,I Msb) 
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IlpoflojiKeHHe TafijiHijj I 
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IlpoAOJiJKeHHe TafijiMqu 2 
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Kan bhjwo M3 npMBefleHHHX npHMepoB Hcnojib30BaHMe npea- 
JiaraeMoro MBTepwajia h cnocooa no^meHHH mnemPi hs Hero ~ 
ofiecnetiHBaeT $opMnpoBaHne b MaTepwajre nsflejiH* oflHopoaHoft 
CTpyK-rypu c MejiKowcnepcHUM h paBHOMepHHM pacnpefleaeHHeM 
TOCTwq BTopoJi $a3 H , Cojiee 60 o6.% , KOTopofl cocTasjunoT 
lacTHqu HHTepMeTajunwoB Zr(Nb,Fe) 2 ,2r(I7b,Cr,Pe) , 

(2r,Hb)3 Pe • B pe3yjibTaTe $opMHpoBaHHH Taicoft MHKpo- 
CTpyKiypu MaTepnan H3flejinfl HMeeT BucoKoe c onpo thb jieHMe 
pa3pymeHjro, noBtnneHHyio luiacTHtmocTb h conpoTHBJieHMe Kop- 

P03HH, BHCOKy» CTOiiKOCTb K paflHatJHOHHOMy poCTy M HH3KyK) 
CKOpOCTb nOJI3jrqeCTM. 

to cpaBHeHH* b npwMepax 9 h 10 (Tadjinu I h 2) npM- 
Be^eH cnoco(5 HsroTOBJieHHH Tpy6, ocymecTBjieHHHft no HSBecT- 
Hoft TexHOJiorHH (us , A, .« 4649023 - npoTOTun), np H 3T om 
b npMMepe 9 T aK 0 ft odpaCoTKe noflBeprajica MaTepHa* c bhcokhm 
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pawamoHHM CTotoocTb. npcwocTi, H SBCOKa* 
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nil MHKpocTpyKTypy, Baw^ 
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ojiobo - 0,9-1,5 
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20 xpoM - 0,005-0,2 

yrjiepoa - 0,005-0,04 
KHCjiopo^ - 0,05-0,15 
KpeiuHHft - 0,005-0,15 

mipKOHMft - OCTfiLJIBHOe, 

25 npH 3tom nowre ropnnero ^opmobehhh cjih™ n™ 

cymecTBOBanjw an*Mm™U ^ TeMnepa-rype 

nepa^e ot 38^™^ 3aroTOBI * °™™h>t np« tbmT 
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* 0co6He KaTeropHH ccmaohhhx 
A*°-AOKyMeHT, onpeaea«HnnHfl oo- 

SIHA ypOBBHB T6XHHKM. 

E" -6oaee pbhhhA AOKyi*eHT, ho 
ony6aHKOBaHHU« Ha asty 
MossyHapoAHOH noaaMH hah 
nocAe Hee. 

"0" — AOKyMOKT * OTHOCHmHHCfl K 

yCTHOMy paCKPHTHIO, 3Kcno- 
HHPOBaHHK* H T.A« . 

•P" -AOKyMOHT, OnyOAHKOBaHHHA AO 

2a.ru MeamyHapoAHOR noAaiH, 
ho nocAe abtm HcnpanHBae- 
Moro npHopHTeTa. 



••T**-6oAee no3AHHH AOKjnieHT, 
onyoAHKOBaHHUH nocae 
nam npHopHTeia h npH- 

BBAGHHHA ASH nOHHMSHHH 

H3o6pereHHS . 

"X"— AOKyMOHT * HMOWfflHfl HBH- 

SoAoe 6«H3Koe OTHoneHHe 
k npesMOTy noHCica. no- 

pOHafflHH HOBH3Hy H H300- 

pexaTeAfcCKHH ypoBOHfc. 
" Y" — AOKyMeHT » nopoianHft HSO 

OpeTaTOAbCKHH ypOBBHb B 
COHGT&HHH C OAHHM HAH 
HeCKOABKHMM AOKyMOHiaMH 

toa »e KareropHH. 

"&"-AOKyMOHT, HBAHWffiHACH 

naTeHTOM-aHasoroM . 
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HayiHO— HCCAOAOBaTeAbCKHA HHCTH 

xyr rocyAapcTBBHHoB nai-eHTHoA 
BKcnepTMSH, Pocchh, 121858, 
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